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tR'Msfft^ 1 0 1 ^^^Mm^mrfK-f & if^tctf 7 x 7 ^> rtcfc^T. x 7 

FlfW^g&^tC 7* > - x X. ft l^C^tC. ff HJl^l£t+ § o ^IJitt\ 7 t (- L y X F I 

^ ^ . 13 6 ( g ) tC 7F -t =k 7 tC . itf-i, 'J V ^7 7 -f - ^7 t F V V 7*7 7 -f — ft 

if tc J: 9 9 - — > r L . 7 * h u 7. h R4^ ff^-t § o 
[ 0 0 4 7 ] 

iXv^, (3 6 ( h ) tcT^-t j: 7 tc mmwm-&M'hm$i}=? 1 o 1 t ft § >- 3 > tc tt-t 

> h t LT. HFftir^fflv^*. 
Ml£ t c . 7 * h u * h R4 * "7 7 >- > r tc Jc *) mi: L . 0 6 ( i ) tc £ 7 tc . 4^ 

[ 0 0 4 8 ] 

ftfc. ?iM&ft -^7)Sfix 1 1 2 tc J; £ ffl^<7>^lf ft*ft i> 3 t to* ft Rt 3 *i 5 Malz it. 
ft IS 1 1 1 *KZf& L4o:t fe*HT^T*> § o 
[ 0 0 4 9 ] 

£ . tR'Mgi&T 1 0 1 <y>ttW i: L T . 7t^7rXy 'J 37<^u^ N $g a H B x 3 y 

. # x m ^z.fflli k^iii*. t >i 5 -^a. ^. iibi ft t t> ^ m . itu 

Mfeiifr V^ffl v^T t «k * fct»/Mgtft^ 1 0 1 ^MOSFETT)^ ^ 

<?>^^t hT|&-<?£>£o - <7)JS^tt^^X®TSU tc F — tf > ^L. PJtm^XM^-ilS i: ft -5 
[ 0 0 5 0 ] 

ft*?. Huie^^^ff^«J 1 T-a. z 7^ y- v mm t LT^tmfs 1 o 3 a. ^mft 1 0 

6 comm 7kV±.ffi\z frfrZ J: 7 tcff^^ ti-6 13 1 lc«^l3T-^ L «k 7 lc. 4^*1 # 1 
0 6 7) 1 Mffl Ict> 7^ h m* t LT^itiltS 1 0 3 h IfeSUl 1 0 7t/h LTS 

E^tl^Jc-ylcLT ^Rv^„ 
[ 0 0 5 1 ] 

MitlcFiLTtt. 7-7.- K V -A >nm t MB L f:^lT'-#ffM L 1 0 6 7> 

Ml 9 L . Wflffifc =k V±ffl^ r- h Ifelftljl 1 0 c^^tiimft 1 0 3 

T'l 7 Jc 7 C-tS - i: tc =k *J # ^ tc |gT« *> S . 

fiOieilS(i<^0fl8"ei±x r-h^n 0 7^)^'7--y^i, [3 6 (d) \z^ 
L =k 7 lc . S77'[4^ -y ^> rtc <k 5118 L tc «fc *J PJg<^ ^tc h IfeliHl 1 0 7 ^ff^ 
^ L 13 5 ( b ) wlgt^i|# 10 6 ( 7 - 7.^ft 10 4. KM >ti 105k 

ft-S«li^#a6T-#©tc^/^i--5><y>^ffl U LvO J; Df^/JxJgKiT 1 0 l % 9 - -y 

r l fc^. it ft u fciiftsiHtic =k mmm^r^ l z v- h ifeit m 1 o 7 1 -r 



1 0 3^7XU LT Y- h iil 1 0 7 <?> 9 - - > rfc J; <DM * > ffiK t tt -f * > 

a Ate «k * V — xt« 10 4. h'M> Sft 1 0 5 cof^m^'if 7 . 3 ftlc J: 9 . r— h Ife 

He J& <o 9 — — y r<r>fzdb<r> v * h ') v r ^ 7 ^ - Igfc^f J: 
[ 0 0 5 2 ] 

[ 0 0 5 3 ] 

13 7 ( a ) ic^-tmMfiM^ 3 0 ^'Mk^jT 1 1 0 1 \z-?^X \t^M<r>Wt 

mi t mmzmffr L- tzb*. tft&MJ-t LT*>M0SFETIC 1KZ.X SET ( Single Electron Trans 
is tor) £fflv*fcc: i: £!ff gSc fc-tSo ffeg&ttHSfe^JIS 1 t [s]«lc^^ L fc. i" & *> *> ft 
ffilclffegW 1 1 1 ftfcSffil 1 2_Llc. tUh 1 0 9 Wlc^JlBSftfctR'Mgfft^ 

i o i t . x^-^t i i o ±.\zwtn ^nrzwwinm i o 2 fc*Kw-<b*iTv**. ig^mti 1 

0 2tcti. ff-^-^ A^-t^fl^-Atl*- h I N ^t£^c£ ftTfc 0 . ^Hlftft-^ A77 L 

igifts*i 0 2i:Mif i o i t m \z m&m c . mmmt^- t m c m& 

iT*gif \z If t^Hob 3 ftffl^lc * o Ti^ . Bfc'MsfftT 1 0 l^mfili. tK/MSIft 
f 1 0 1 IC 6P fln -t Z> MJEE V P IZ J: *) $IJ flP s ft * . 
[ 0 0 5 4 ] 

^smnrnt Lx<r>m^mm^ 1 o 1 ^ffift tea. t&mms 1 o 3 fr&i-t ^nx & 9 . 
mms 1 0 3 a. ife^m 1 0 8 ±k:Kw-<b*ifc v - ^mm 104. km >ms 105. 

$&mm 10 7. iimttft 1 14. Y- hmm l l 5 frhit* SET ( Single Electron Trans 
istor) <7>i>m'r±& 1 1 4 tc ?fM £ ft T £ 0 H U 1 0 5 tc It . ff^^^g^ctU 

7j -t £ ft ¥ ft 7j ts - h OUT^gi^tlTv^, 
[ 0 0 5 5 ] 

tfae. 3<?)^iti«7 >f ;b ? 3 0 0 K:fci+stR/htst&T *>lsfi&*feiiJ;*j$£ t . itn^ i >i 

9 ') > 7(T> f±,ffl * (c o X WL$R ~? § . 

(3 7 (b) li. #&flHHJfe<7>JI2JI8 2 lctolt^€M«tt7 ^ ^ 7 <7>«j£*^-*|Hl&eiT?*> 
§o ft A 73*- h I N J: *J At/ $ tif-fl^-ti. iEKmS 1 0 2 ic^ji&L. ^mifeff^<7) 
fflft&TtR/Mgtft^ 1 0 1 ^fiftjgi-£c t»/jN^ift^ 1 0 1 <r> S e«HMfe^^-f|-^ib*A7J 
$ tifc®^-<?) A. tR'Mgtft^ 1 0 1 tiA§ *g*STlft03 ti. '®L>\^m=r 1 0 1 

si 03 t <vm^wm^mit-? z> z t iz j= stf«#*c R <?>ig<k**^-f s. 't&^MBtn 1 1 
f i o i t#sisi o 3 i: m iz z mn ^ ^ fbM a. aq = v p ac r t-*>§o 

[ 0 0 5 6 ] 

fifc'MSSflT 1 0 1 ***«SCT?^^tSlfttg*ift*/h $ VMS if A Q \$>h$ < . ^^^fb»^ii.Ji 

&n \zmm~t zfe^^mmmmy i >i 9 ^mm^&ii'&xit . *> &-t z t itmmx 

3hZ« f ;T\ ^¥tmminUMy 1 'i 9 3 0 0 Xlt. iltifft 1 0 3 \z <k *) ^tH 3 ftfcS 
j^M^m^^fbM A Q^SETlcJc^t^ttiL. ff-^^ffi7ui-^iT755t^iiA-t^o 

apmte a i 1 4 a . r- h ts t n t ^ ^ -v7t4LTff^^ti <Rtt>m#s t s r 

- h If t#i C R . V - 7fS 1 0 4 t F M > mffi 1 0 5 i: ^ lc Ifeil 1 0 7 * <fV L 

Tff^^ $ tis gsK^ h > * ^ it □ tc =k o mn^iz^-m $ nx v> s . set<t> v - 7ts 1 

0 4. h'L 0 5 M * * «iSE tt . ft 1 1 4 lzW}&2 HZ MM icioT 

— ■m.J-com.n ti$-&XMW^Sfl&X£> o 13 9 lcSET<7)^> K it^t. SETti. MibXm 

[ 0 0 5 7 ] 

tR'Melft^ 1 0 1 ^Jgt^jti . tR/Mefft^ 1 0 1 fc #»*p # L fctaiti 1 0 3 tc J: *) # 

ai $ ft. sET^iimtta 1 1 4 tc a Q<7>m^^ii/]iiei-^ 0 m^^fbaA q ij«»T'I» 0 . 

ipL - It ^(Dil^ e tcW LTKx ^ft^g^^m?t)b*SET^^m'l4ft 1 1 4 1c Sfj jgg g ft if 



> H fllat U T . €i? ^ > H 1C tf t'ta ■? fz *) $a h -o fz *) ~t Z> VtM b t: Z> <, 
% il It . 7ii ;ifT*4tf icfcux, TO — az * ji ^ - ^ — o ^)ff £ T* L fc> £ 

SI 0 4 ^ H u -f > MM 1 0 5 ffl \z E[l fin $ *i v - x • K v -i y mj± V SD lc J: X it ^ 
h*M >mti 1 0 5 -\tt71 2 *l£ ;bt+Ti!o£ fc*. ±ie^l^/J^lRt/j^ 1 0 1 ^jgl/llc J; £ 

sET^ipmtta i i 4 cDm^-^m^^itiz & *> . v - 7.^* i o 4 t f m >mti i o 5 
<r> m iz win z v - * • h u -f > mat a*^ ft-t £ . c ^ ft ^ ^ x ^ -y > r it N ipmtt a i 
i 4 tcfi^£ ti/c^sm* i o 3 ^m^f^itm a Q<7>£fb-t -safest T*e§ . ^mmm 
a. m^jgtft^ i o i n&^mmtii&tmc-z&Zo o t . sr/msi^ i o 

^jgmifeK^-fi^^ff f At)*- MNJ:^ At 2 ft -ft^-tiJ t #- h OUT 
^ TO C m & Sc <0 ft ^ Jb* ttl 73 £ *l & ^ t-t T* § o 
[ 0 0 5 8 ] 

*Il^ffll2 icfctt >f ;u 9 3 0 0 ICOUT t s ^i^Pll ^i, 0 

4 ( a ) IC^ L£ =): 7 >f ji 9 >) > rifftt^#S C i: i J T*§ . +'tMStf c ^a*> 
h'^U7 ;u ? iff & % £ C i: *»qT ftfeT £> £ . 

z<r> j: 7 mMfiM^ -mu 7 3 0 0 k: =k *U3\ pff /^<?> MI feft -ft -^<^ a ^ L T . 

X. ff^l 2 ic u T t It^) 11 1 lc v> T 0 2 (a) is & U (b) tc^^fj 

Lfc<7) t [B]ti. EI 8 (a) is ^ U (b) tc^ff^U^^-t J; 7 \z&t'hmWl=? 1 0 1 * P3 

[ 0 0 5 9 ] 

El 8 ( a ) It x El 1 mtUitt ^ >f ;u ^ <7) ^ ff^ij % 5k -? f4 M EI T 3h % . El 8 ( a ) [c 5k 
ttMi«7 a? 4 0 0 T?ti> tMit«7 -f 7 3 0 0 tcfev^T^/J^f/IT 1 0 1 t L 
TMff^f tfflv^Tv^^lcWL, P3«%fflv^fc1WT?*>s. El 8 (b) li . El 1 <7>mMfi 
«7 >f ;u ^ ^^ff^^J^^-t0g&ElT^^ o tt\ii7 ^ y 3 0 0 i: TO «<7)«^T? -ft ^"7 

[ 0 0 6 0 ] 

4 4?. El 8 ( a ) <?)ff\ii7 -f n 9 4 0 0 izis^X . El 7 ( a ) lc^ttf\if«7 a 
>i 9 3 0 0 t mn<7)WJ&lz o T t± . |gj « ^fc J; ^Ib]^-^^ ft L T li f B§-t -5 o 

c^tiic ^ ^jv »j ^ louLx, mz^^nhw. nmm^m^z z t 

*^HHHSte^J^flg2 icfclt^mm^M^ >f ^ ^ icov^T t x El 4 ( b ) \z ^ L 
«k 7 tc ff /C>^feSc f H x h v -7' I i >i 9 iff c i: «t dTIIT'*>^ . 

[ 0 0 6 1 ] 

ft is . it Si T^J * - h O U T ffl iz. tt5 71 ft ¥ ^ ^* "> - % ±# *S "t S *> <7) "7 - T > 7 ^ 
«8c<@<^«»/Mg»iT**8ltt»K:*g^-$ c t iz «k ») , ft ^■^iiM^i^'liS^ftiJP 
[ 0 0 6 2 ] 

m.± <r> it ^ i% tyu^ & m z tzdb iz , y- h mj± v^mm-?z z t fr^imx&Zo 

(H'MSIlf 1 0 1 a ertfSMftft) «k *) lkHzWr<?> + MMft8C f -y h 

it tz mfc®. i iqx y- y mm iisjc^atil. fm> ti 1 o 5 & h + w m fefc f 1 F 

= I f LQ- f I «^<t ¥^^1-^*71*- h O UT^ItittS. C<?o Jc 7 IC LTfiR/MSIft^ 1 



y> ic . y - x • h*M >mj± V S[) ^ilt5 <r> h*co f i Lv\ 
[ 0 0 6 3 ] 
(HSfe<7>0JI8 3 ) 

iXK:*^^<7>m(s<^J^J|g 3 tc o uTians . 

mte^j^flg i Tia. ft^-A^^-h i N^mmnm i o 2-e«j$Lfc**. *^«^r^i 
<Ms tarsals-* -a t^-?*s. 010 (a) a. *mnmm<7>mms iznn zmm,M 
in i o ( a ) ic ^ -t mnmm 7^^5ootu, mm^mm 1 ic 4? it s mm^M ? ^ 

^? 1 0 0 > 2 0 0 Tii, tR/htsfft^ 1 0 1 -£BnJj\z «k 9 Bft Jg i- £ <?nc jrt L . *#lte<7> 
ff^J 3 ic 4? it § mM^ttt 7 -f 9 5 0 OT-fl, * <r> MfjJgTj v£ ft o - u > v ?j [c «k ») 



iX ic ^M^ltt ^ >f ;u ^ 5 0 0 \z is It £ tR'MslftT KJg 7j v£ ic o T Mm ~t Z> . ii^cd^ 
|g|ft^ 1 0 1 lc|gffi2 -frfci^lSjtcn- v y vfifrtiMnZtiZ =k 7 . ft SB » H * 'Ms 

tft^ i o i ltjo < o fisc/Mstft^ i o i commu^]^ v^t*', c^it^-. ftg& 

6& JS H ^ ? h ^ ^ ft a S ftc tc it L X S (ft ^ |Sj t? -5 o ?S Ml ft ft ^ *"ft ^ A ^ # - h IN 
=k 9 A7j2ft. ®L'hfRW\=? 1 0 1 ic^miftff-^ic J: 5 3Mf8ifta*ffEftfcit£-. SMltift i: 
51- & M H tc «fc *) t& /Jv jig |ft ^ 1 0 1 ic a - L > y ft h ft & . * w — v ^ y -ft<r>-H 

* S o c <7) jc 7 \z LXMm^it^-lz J; 0 i^/jNjlgKt 1 1 0 Hz u - l y y & L . '1^4- 

mm=? i o i ■smm-tZo 



)X\z. zcDmMmmyi^9 5oo\zt5rtzm4^W}=f L <7>UM&iti?j%:t. it^-?*^ 

9 ') y 7<F> ftffl A ic o o x Wl$\ -? Z> o 

13 1 0 (b) tt. *^BH^Ste^jf^fli3 tcfctt >f ;u ^ 08113 

^^.o ff^-A^*- h I N «k O A^J^tifc^-^tt. »/J^Jg®jT 1 0 1 tcfeJ&L. ^iHfeff 
^■^MftSCTfiSC/MgfiftT 1 0 1 ^KJg-t^o '®i>hMW)=r lOl^g B^|g^ft»^m 
At/ £ ft A. ^/J^Jg^jT lOlU^S ftJgiHTlfttg $ ft. SS(/J^JIg©J^ lOltt 

amti i o 3 1 <7>m<owmt>^it-t z z t \z j= ^itmsMc R ^^fb^^-f wrto 

[ 0 0 6 6 ] 

13 i i (a) ttx *^BH^ste<?)^fli4 tcfett >r ;u 9 ^m^^^numx 



TUtR/MStft^k: (ftff A^j#- h I NSiiL, mnti\ziXx.x. u - u > y ti\z «k 
/J^JgifiT^IS^Jg-t -5 ^c^T-^^o ffegPcofll^Jc o v^T &itute^Jfe<7>^fiI 2 |B]tilcff^^ 



t^b^si i c a ) tc^-tmmttw^ u?6oo-eu> mmizmmm 1 1 1 
zfitzmn i i 2 _hic * x h i o 9 ^ic^« $ ft^j^/jNjgi^T i o i a*at*«bftTus 

Kjt i o i *>n&&. tR/Msfift^ 1 1 o i icEp^n-t^mff vptc j: ») $y§n£ ft^c 
DTims i o i <7)j&mizit. tft&mm 1 o 3 frm-t otitis *> . wntinm 1 0 3 1±. *fe 

mm 1 0 8 ±lc^tt htitz V - xift 10 4. h'M >tffi 105. IfefiH 107. ^« 
ttft 1 1 4 . Y- hSi 1 1 5 ft* SET (Single Electron Transistor) <7)ipm'l4a 
1 1 4 tc}f^2 ftTv^ So h'M >fi 1 0 5 tcti. it ^*ft>g&lc m^ji- -5 -ft 



[ 0 0 6 4 ] 



[ 0 0 6 5 ] 




[ 0 0 6 7 ] 



hOUT ft* If fro 3 ftTV* S . 
[3 11 (b) *HB(j^»^^fi|4 icfctt a >i 9 <r>ffii&-&fjk-t\E\mm-? 

\t^\-nm\z^\^x itmm^mmz tmn-?&*). m mmiz^^x it mm^jtm 

[ 0 0 6 8 ] 
[ 0 0 6 9 ] 

[13 1] * hh <r>m:1fo<F>W?t£ 1 lc tt -5 mMfiM ^ ^ ? * ^-t S x £> *) . ( a ) ti 

c^mtuitt^ >r >i 9 cDWf&^^-tnnm . (to u:wfMiM7^^wi«^ 

[13 2] *H0H<^5te<7>ff2fig 1 ^MJ^HMJiti^ >f ji 9 &^-fmX3b *) . (a) 

it z ^m^\UM -y a >i 9 conum. ( b ) it z ^mnmrn a >i 9 ^m^x-t\B\^ 
m x 3h & . 

[13 3] *?&0H<7)#?5te<7>7f2fii 1 <7)t^l^)fMii7 >f ^ 9 <n^y \t mx& 9 . (a 
) ItUOSm^^ H 13 (^iP# (PS!) £fflv*fc«£0 (b) ttMOSJf H 13 

im 4 ] *&w<7>^M<7>f&l& l ^54 ^mMfiW^ i >i 9 <d -7 a >i 9 ') > rjfftt^^ 

i" 13 T* £> *) . ( a ) h ^ h 'V 7'7 1 ^ ?!fftt^t0, ( b ) It > * > H ^ h -v 

-f -y a >i 9 ;ff -it ^ ^ -t m x £> § o 

[13 5 ] *^Bfl<5o^m<?>^flg i \z$sii- zmmmmy a >i 9 ^mmxm*&mmizm.m 
ime] *¥tw<r>mn<7>Mm 1 \z n ^mmmm^ a >i 9 <»m&xn-& & izm.w 

"t*Bffffll3T*>*. 

[13 7 ] *¥tw<7>^n<7>Mm 2 tcfctt ^m^fiM^ ^ ^ 9 -%^-?mx& *> . ( a ) t± 
z^mnmmy a >i 9 cDWf&%^-?mnm . ( b ) a c ^tMiti^ ^ ^ ?<^*i>£^ 

[13 8] *¥tm<r>mm<7>Mm 2 ^^w^m^mnmm^ a >i 9 %x~tmx3h *> . (a) 
it z^mmmm^ a >i 9^ts\-um. ( b ) it z ^tMitt^ a >i 9 ^m^x-t\B\^ 

[13 9 ] mt&<7>miiEi2 is ck umM<7>mm4 ictit^miM? ^ ^ 7<*>set*>>*> h 

[13 1 0 ] #IEtfjtf>liite*>JI3JI8 3 icfctt^€Mii7 -f ^ ? ^i"l3T<£> 9 . ( a ) 

ac^mtuitt^ -f ,1, 9 <^^/^^^i-f4mi3 . ( b ) it z^mmmmy a >i 9 <nm^ 

^^i-0^l3T-*>-So 

[13 1 1 ] *%Bfl<7)^j5&<7>^flg4 tc felt S mt\fi« 7 -f ;U ^ ^^i-|3T'£> ») . ( a ) 

a z^mmmmy a >i 9 ^m^^x-t^um. ( b ) it z^mmmmy a >i 9 

^^-T0^l3T-*>So 

[ff ^<^sfeB^] 
[ 0 0 7 0 ] 

100. 200. 300. 400. 500. 600 fMiW7 ^ ^ 9 
1 0 1 fiR/MsSiT 

1 0 2 SKiftmti 

1 0 3 ttUti 
10 4 V - Xtft 
10 5 h'M > fft 
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